A. Thermodynamic driving force for electrolyte stability A.1. Lithium storage electrodes Table S1 : Potentials and capacities of lithium storage electrodes used in Figure 1 . Potential values were found in literature. The theoretical capacities were calculated for 1 lithium per formula unit for intercalation compounds LiMO 2 , LiMPO 4 , LiM 2 O 4 and graphite, and 4.4 lithium per formula unit for silicon and tin. Exchange of two and sixteen lithium per formula unit was used to calculate the theoretical capacity of Li 2 The low intercalation potential of graphite (~0.1 V Li ) 13,14 is a major reason why it is the most commonly used negative electrode for Li-ion batteries. In addition to graphite, some transitionmetal ligand compounds can be used as intercalation negative electrodes. Combining transition metals with low formal valence states, M 3+ /M 2+ (M= V, Cr, Fe, Co, Ni), with sulfur or nitrogen leads to negative electrodes with lithium intercalation at potentials as low as 0.5 -1 V Li . 19 In the case of alloys for negative electrodes, instead of being intercalated into a structure without a change in valence state, Li + reacts with the host material to form a new phase. The potential range for Si and Sn is around 0.1-1V Li .
15,16
The first intercalation positive electrode material studied was Sn ( Figure 1 ). Although lithium alloying is associated with large volume changes (ca. 300 % for Si), 26 introducing large mechanical stress and cracks in the electrode particles, recent progress with nanostructured electrodes and nanometric Si powders based electrodes have demonstrated reversible capacities of ~600-1500 mAh g -1 upon hundreds of cycles. [27] [28] [29] [30] [31] However, due to a continuous consumption of electrolyte during cycling, the coulombic efficiency of these electrodes is still too low for a commercial application. Indeed, electrolyte decomposition and EEI layers formation continuously occur on the new surfaces created at each cycle by the volume expansion of the material. Many efforts still need to be done to understand the formation of the EEI layer on these compounds and to stabilize it upon cycling. Conversion reactions, in which the reduction of a transition metal oxide leads to the formation of metallic nanoparticles dispersed in a Li 2 O matrix, are another class of materials to replace conventional intercalation compounds but suffer from very similar problems as alloying materials. These materials are not detailed in the paper due to the large hysteresis observed between charge and discharge that makes these materials not suitable yet for future Li-ion batteries.
Higher gravimetric capacities can also be achieved by employing a multi-electron redox of 41 (the details of which are beyond the scope of this review).
A.2. Computations of the HOMO/LUMO levels of electrolytes
Computed reduction and oxidation potentials for common organic electrolytes are reported in al. 42 with more recent reports. 43 The data from Zhang et al. 42 The data for ClO 4 -, PF 6 -, PC-ClO 4 -, PC-PF 6 -, reported by Xing et al. 44 , were computed using the following thermodynamic cycle:
The data taken from Borodin and Jow 45 have been computed using a similar cycle, where IP is defined as the enthalpy changes of the oxidation reaction in the gas phase. Because of the differences in the thermodynamic cycles and small differences in the basis set and functional used, we expect the data reported in Figure 2 to be comparable within 0.2-0.3 V.
The reduction potentials were computed with an analogous cycle, where the electron affinity in the case gas phase and the solvation free energies for the neutral and the reduced case are used.
Consistently with the reported oxidation potentials, we used the B3LYP/6-311++G** as Table S2 , where we compare two different implicit solvation models (PCM 47 and SMD) and a mixed solvation model where the first solvation shell is considered explicitly.
For the implicit solvation model we used ε = 40, representative of the average dielectric constant of the electrolyte, usually a mixture of cyclic (high ε) and linear (low ε) carbonates. For consistency with the reported oxidation potentials, the data obtained with PCM are reported in Figure 2a . The reduction of EC was computed to be slightly favorable (by 0.02 V Li ) using the Möller-Plesset second order perturbation (MP2) quantum chemical method, 48 while the less accurate hybrid functional density functional theory (DFT) slightly overestimated this value, giving a value of 0.18 vs V Li , Figure 2a and Table S2 . We note that the dependency of the results on the implicit solvation model calls for a more sophisticated description of the solvent. A value of 0.34 V Li was also reported by Voller et al. using DFT, 49 although in this case, the geometry optimization was performed with a more approximate computational scheme (Hartee-Fock (HF) level and reduced basis set). Table S3 : Principal SEI products formed on lithium and graphite electrodes. 
EC
PCM-SP-BB a 0.11 - - - - - - Explicit+SDM b -0.11 - - - - - - Explicit+PCM b 0.18 - - - - - -
B. Towards understanding of the EEI layer on negative electrodes

SEI products Formation/origin References
B.1. Impedance behavior of lithium electrodes (Figure 2c,d)
The impedance of the EEI film on lithium was calculated by taking the diameter of the semicircle in the EIS impedance data. We acknowledge that there are likely several processes inside the semicircle such as charge transfer and interfacial resistance, as shown with the classical EIS model in Figure S1 , but to a first approximation we assume the lithium foil has a negligible charge transfer resistance and the main contribution to the real impedance observed is from the resistance of the interface film. The data represented in Figure 3 come from Aurbach's group where Li foil was soaked in various electrolyte solutions for several days and the impedance was measured at certain intervals. For Aurbach (1994) 53 the impedance data for 1 M LiPF 6 , LiBF 4 , LiSO 3 CF 3 , LiAsF 6 , LiBr, LiClO 4 in PC was calculated by extracting the data from Figure 10 where the authors also took the diameter of the semicircle as the total impedance of the surface film. 53 Because PC does not intrinsically form a stable SEI layer on lithium, the only origin of a stable SEI layer in a PC-based electrolyte could arise from the reaction between the salt and the lithium foil. 53 For Aurbach (1996) 50 the data for LiAsF 6 
B.2. Impedance equivalent circuit
To assess the impedance of the EEI layer in negative and positive electrodes, most authors utilize the equivalent circuit seen in Figure S1 to model the phenomenon observed during lithium and electron insertion/desinsertion. 51, [78] [79] [80] [81] The equivalent circuit shown in Figure S1 assumes the impedance to be a combination of the resistances of the EEI layer and of the charge transfer at the electrode/electrolyte interface. Figure S1 : Equivalent circuit and ideal Nyquist plot observed for most Li batteries electrodes. 51, [78] [79] [80] [81] R s is the resistance of the electrolyte solution. C EEI and R EEI are the capacitance and resistance of the EEI. C dl is the double layer capacitance. W is the Warburg impedance. R ct is the charge transfer resistance.
B.3. Details on the formation of the SEI on Silicon electrodes
Regarding the effect of surface orientation, it has been demonstrated that the SEI on Si (111) consist mainly of organic carbonates while the SEI on the Si (100) is mainly composed of LiF and dominated by salt decomposition products. 82, 83 The rougher 84 and higher energy 85 Si (100) surface is more reactive and can promote the formation of LiF while the lower energy Si (111) surface can only reduce the electrolyte to form organic species.
C. Towards understanding of the EEI layer on positive electrodes C.1. Details of extraction of Figure 7a
The data reported in Figure 7a were extracted from Aurbach's group papers for Li 1-x 87 In these two papers, the impedance values of the EEI film were calculated using a similar model as Figure S1 , using the diameter of the high-frequency semicircle in the Nyquist plot. Values of the EEI impedance normalized to the active surface of LiNiO 2 were directly extracted from Figure 11 of Aurbach (2000) 87 for electrolyte containing were extracted from Figure 13 . For LiCoO 2 , the impedance value of the EEI layer was calculated by adding the values of R 1 , R 2 , R 3 at 4.07 V Li (corresponding to the values of the multi-layers surface films resistances) given in the caption of Figure 3 in Levi (1999) . 86 We used the BET surface and average mass loading given in Levi (1999) 86 to normalize the resistance value to the active surface area. 92 For each case, the onset potential was extracted from the electrochemical curve corresponding to the point where oxygen release is first detected. Guilmard (2003) . 93 The thermal stability of the electrode increases as Ni is substituted with transition metal of the right of the periodic table (Co, Mn). Table  S4) . 96, 97 Reported pKa and deprotonation free energies in DMSO are related by pKa = ΔG deprotonation /2.303RT). Table S4 : Details of acronyms used in Figure S4c . 
Acronym
Solvent family Solvent
